A chemical study of the EtOAc-soluble ethanolic extract of Monascus kaoliang BCRC 31506 (Eurotiaceae) fermented rice led to the isolation of a new furan-3-one derivative along with 9 known compounds, monascin (2), ankaflavin (3), N-trans-feruloyltyramine (4), vanillic acid (5), 4-acetonyl-3,5-dimethoxy-p-quinol (6), (+)-β-eudesmol (7), trans-phytol (8), aesculetin dimethyl ether (9) and (-)-matairesinol (10). Structure 1 is proposed for monascuskaoliaone on the basis of spectroscopic evidence (NMR, UV, IR, and HRMS). None of the compounds exhibited significant scavenging activity toward DPPH radical in bioautography or spectroscopic assays.
INTRODUCTION
The filamentous fungi of the Monascus species have been used for a long time as a meat colorant, health food, and a Chinese folk medicine. 1 They comprise four represent species: M. pilosus, M. purpureus, M. rubber, and M. anka. These species belonged to the class Ascomycetes and the family Monascaceae. 1 Red mold rice (also called red yeast rice), which is also known as "koji", "red koji", "anka", "Ang-kak", and "ben-koji", is obtained by the fermentation of rice (Oryza sativa) with fungi of the genus Monascus, mainly M. pilosus, M. purpureus, and M. anka, to produce a red-colored product.
The species of Monascus produced secondary metabolites such as pigments, Monacolin K, γ-aminobutyric acid (GABA), dimerumic acid, and citrinin. Several secondary metabolites from Monascus sp. have recently been found to have some beneficial pharmacological effects in decreasing blood pressure, lowering plasma cholesterol levels and antibacterial activity.
Several secondary metabolites useful as food additives and pharmaceuticals have been reported by Monascus spp. [1] [2] [3] Polyketides, furanoisophthalides, amino acids, azaphilones, pyranoindole alkaloids, benzenoids, furans, and fatty acids [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] are widely distributed in the fungus Monascus species. Some major pigments of red mold rice and some secondary metabolites have been identified, but knowledge of their biological and toxicological effects is fragmentary. Some minor compounds like furan derivatives or other type compounds except common pigments produced by Monascus sp. have received less concern on. Therefore, characterization of the components of red mold rice and their functionality still remain unclear and are worthy to be examined in further. In the course of our search for potential antioxidant metabolites from natural sources, we were intended to realize the secondary metabolites of red mold rice, and M. kaoliang BCRC 31506 has been found to be one of the active species. The antioxidant activity exhibited in the EtOAc-soluble fraction of the 70% EtOH extract of red fermented rice obtained with M. kaoliang BCRC 31506 were detected by using the 1,1-diphenyl-2-picrylhydrazyl (DPPH) free radical scavenging method [14] [15] . Bioassay-guided fractionation of the EtOAc-soluble fraction of a 70% EtOH extract of the red mold rice produced by M. kaoliang BCRC 31699 has resulted in the isolation of ten constituents, including a new furan derivative, monascuskaoliaone (1), together with nine known compounds. In this paper, we describe the isolation and structural elucidation of the new compound (Fig.  1) , and the free radical scavenging activity of the isolates (1-10) by using the 1,1-diphenyl-2-picrylhydrazyl (DPPH) free radical scavenging method. 
EXPERIMENTAL
General experimental procedure All melting points were determined on a Yanaco micro-melting point apparatus and were uncorrected. Optical rotations were measured on a Jasco P-1020 digital polarimeter, UV spectra were obtained on a Jasco UV-240 spectrophotometer in MeOH, and IR spectra (Neat) were taken on a PerkinElmer System 2000 FT-IR spectrometer. 1D ( 1 H, 13 C, DEPT) and 2D (COSY, NOESY, HSQC, HMBC) NMR spectra using CDCl 3 as solvent were recorded on a Varian Unity Plus 400 and Varian Mercury-400 (400 MHz for 1 H NMR, 100 MHz for 13 C NMR) spectrometer. Chemical shifts were internally referenced to the solvent signals in CDCl 3 ( 1 H, δ 7.26; 13 C, δ 77.0) with TMS as the internal standard. Low-resolution ESI-MS spectra were obtained on an API 3000 (Applied Biosystems) and high-resolution ESI-MS spectra on a Bruker Daltonics APEX II 30e spectrometer. Low-resolution EI-MS spectra were recorded on a Quattro GC/MS spectrometer having a direct inlet system. Silica gel (70-230, 230-400 mesh) (Merck) was used for column chromatography, and silica gel 60 F-254 (Merck) was used for TLC and prep. TLC. For radical scavenging TLC autographic assay, DPPH (Sigma) was used as spray reagent.
Microorganism
Monascus kaoliang BCRC 31506 was used throughout this study, and specimens deposited at the Bioresource Collection and Research Center (BCRC) of the Food Industry Research and Development Institute (FIRDI).
Cultivation and Preparation of red mold rice
Monascus kaoliang BCRC 31506 was maintained on potato dextrose agar (PDA; Difco). The strain was cultured on PDA slants at 25°C for 6 days and then the spores were harvested by sterile water. The spores (5 ´ 10 5 ) were seeded into 300 ml shake flasks containing 50 ml RGY medium (3% rice starch, 7% glycerol, 1.1% polypeptone, 3.2% soybean powder, 0.2% MgSO 4 , 0.2% NaNO 3 ), and cultivated with shaking (150 rpm) at 25 °C for 3 days. After the mycelium enrichment step, an inoculum mixing 100 ml mycelium broth and 100 ml RGY medium was inoculated into plastic boxes (25 cm ´ 30 cm) containing 1 kg sterile rice and cultivated at 25°C for producing red mold rice (RMR; also called beni-koji in Japan). At day 7, 150 ml RGY medium was added for maintaining the growth of cells. After 28 days of cultivation, the RMR was harvested and lyophilized for the extraction of metabolites.
Extraction and Isolation
Red mold rice of the M. kaoliang BCRC 31506 (3.5 kg) were extracted three times with 70% EtOH at room temperature. The ethanol syrup extract was partitioned between EtOAc and H 2 O (1:1) to afford EtOAc (fraction A, 5.2 g) and H 2 O (fraction B, 18.2 g) soluble fractions. The EtOAc-soluble fraction (5.2 g) was chromatographed over silica gel (50 g, 70-230 mesh), eluting with n-hexane and enriched with EtOAc to produce 10 fractions (A1-A10). Fraction A-1 (500 mg) was subjected to silica gel (SiO 2 , 230-400 mesh; n-hexane-EtOAc, 10:1) to obtain (+)-β-eudesmol (7) (1.4 mg), and transphytol (8) (1.4 mg). Fr. A-2 (1.2 g) was chromatographed on silica gel (230-400 mesh), employing n-hexane containing increasing amounts of EtOAc as elute to produce 25 fractions (A-2-1-A-2-25). Fr. A-2-7 (125 mg) was purified by preparative TLC (n-hexane-EtOAc, 3:1) to afford monascin (2) (11.9 mg) and ankaflavin (3) (12.8 mg). Fraction A-3 (1.1 g) was chromatographed over silica gel, eluting with CH 2 Cl 2 -MeOH (15:1) to obtain 20 fractions (A-3-1-A-3-20). Fraction A-3-15 (17.3 mg) was repeatedly purified by preparative TLC (n-hexane-acetone, 3:1) to afford monascuskaoliaone (1) (2.3 mg). Fraction A-3-17 (36.2 mg) was purified by preparative TLC (n-hexane-EtOAc, 3:1) to give 4-acetonyl-3,5-dimethoxy-p-quinol (6) (4.9 mg). Fraction A-5 (1.5 g) was resubjected to silica gel (CH 2 Cl 2 -MeOH, 20:1) to afford 13 fractions (A-5-1-A-5-13). Fraction A-5-3 (60.7 mg) was repeatedly purified by preparative TLC (CH 2 Cl 2 -MeOH, 13:1) to afford N-trans-feruloyltyramine (4) (3.9 mg), and vanillic acid (5) (2.4 mg). Fraction A-6 (700 mg) was resubjected to silica gel (CH 2 Cl 2 -MeOH, 15:1) to afford 8 fractions (A-6-1-A-6-8). Fraction A-6-2 (120 mg), eluting with CH 2 Cl 2 -EtOAc 1:1, was further separated using column chromatography to give aesculetin dimethyl ether (9) (1.7 mg) and (-)-matairesinol (10) Reduction of DPPH Radical. After developing and drying, TLC plates were sprayed with a 0.2% DPPH (Aldrich-Sigma) solution in MeOH. The plates were examined 30 min after spraying. Extracts and compounds showing a yellow-on-purple spot were regarded as antioxidant qualities [14] [15] . The intensity of the yellow color depends upon the amount and nature of radical scavenger present in the sample.
Determination of the Scavenging Effect on DPPH Radical.
The radical scavenging activity of the test compounds was examined with the DPPH (1,1-diphenyl-2-picrylhydrazyl) radical, as described previously 15 . α-Tocopherol (= vitamin E) (Sigma) was used as control. 50 μl of a solution containing the isolated compounds (final concentration was 50 μM) to be tested was added to 5 ml of a 1.0 x 10 -4 M MeOH solution of DPPH. The reaction mixture was shaken vigorously, and its absorbance at 517 nm was determined after 40 min incubation in a dark room. Decreasing DPPH solution absorbance indicates an increase in DPPH radical-scavenging activity. The DPPH solution, without sample solutions, was used as a control. All tests were run in triplicate and averaged. This activity is given as % DPPH radicalscavenging and is calculated in the equation: % DPPH radical-scavenging = (Control absorbance-sample absorbance/Control absorbance) x 100. The data were expressed as a mean of three experiments.
RESULTS AND DISCUSSION
The EtOAc extracts, prepared from the 70% EtOH extract of the red mold rice produced by M. kaoliang BCRC 31506 were fractionated by a combination of open column chromatography (silica gel), MPLC, and prep. TLC to obtain the furan derivative (1), azaphilones (2 and 3), amide (4), benzenoid (5), quinone (6), diterpenoids (7 and 8), coumarin (9), and lignan (10). Compounds 2-10 were identified by comparing their physical and spectroscopic data with those reported in the literature and by direct comparison with authentic samples on TLC. The new structure of 1 was identified based on the following evidences.
Compound 1 ) groups, suggesting the presence of a furanoid nucleus [16] [17] [18] as in the case of terrefuranone 18 . The presence of a conjugated carbonyl group was revealed by an IR absorption, along with a resonance signal in the 13 C-NMR spectrum at δ C 207.1. Analysis of the 1 H NMR spectrum of 1 (Table 1 ) revealed a typical A 2 X 2 pattern signals at δ H 2.79 (2H, t, J = 6.2 Hz, H-6) and 3.96 (2H, t, J = 6.2 Hz, H-7), one 3H singlet at δ H 1.35 assigned to a methyl group on a quaternary carbon (C-2), one olefinic proton deshield by a conjugated carbonyl observed at δ H 5.48 (1H, s, H-4) , a decyl moiety appeared at δ H 0.88 (3H, t, J = 6.8, Me-17), 1.23 (16H, br s, CH 2 -9~16), and 1.72 (2H, m, CH 2 -8), indicating that 1 was probably a furan derivative possessing a conjugated carbonyl group 16 . The 13 C-NMR and DEPT spectrum showed that 1 had a total of 17 carbons for two Me, eleven CH 2 (two for a CH 2 CH 2 OH moiety), one CH, and three quaternary C-atoms including one C=O (δ C 207.1) and a C=C bond (δ C 189.1). The carbon of the 1 were assigned, from 13 C-NMR, DEPT and HSQC experiments, as two methyls at δ C 14.1 (C-17) and 22.0 (Me-2), eleven methylenes at δ C 22.7 (C-16), 23.0 (C-9), 29.3~29.6 (C-10~14), 31.9 (C-15), 34.1 (C-6), 36.6 (C-8), and 59.3 (C-7), one olefinic carbon at δ C 103.5 (C-4), and three quaternary carbons at δ C 91.4 (C-2), 189.1 (C-5), and 207.1 (C-3). The above data also pointed to a furan derivative skeleton.
The above observation accompanied by the 1 H, 1 H-COSY (Fig. 2) , and 1 H, 1 H-LRCOSY spectrum of 1 established the presence of the partial substructures: fragments, 1a, 1b, and 1c, for compound 1 (Fig. 5) . The entire skeleton of 1 was constructed by the aid of HMBC spectrum (Fig. 3) . The 1 H, 13 C-NMR long-range 2 J and 3 J HMBC correlations of the signal at δ H 1.35 (Me-2), with the carbon signal at δ C 91.4 (C-2) and 36.6 (C-8), helped to establish the connections of fragments 1a and 1b at C-2. In addition, the cross peak between δ H 2.79 (H-6)/δ C 103.5 (C-4), as well as δ H 5.48 (H-4)/δ C 34.1 (C-6), suggest that fragments 1b and 1c were linked together at C-5 (Fig.  3) . The other key correlations of HMBC were illustrated in Fig. 3 .
The above assignments were further confirmed by significant NOESY correlations (Fig. 4) between the H-atom Me-2 (δ H 1.35) and CH 2 -8 (δ H 1.72), between CH 2 -6 (δ H 2.79) and CH 2 -7 (δ H 3.96), and between H-4 (δ H 5.48) and CH 2 -6 (δ H 2.79) (Fig. 3) indicated that the hydroxyethyl (-CH 2 CH 2 OH) group was attached to C-5, and a decyl moiety to C-2. Because of the optical inactivity ([α] 22D = ±0 (c 0.09, CHCl 3 )), 1 was concluded to be racemic. On the basis of these data, the structure of compound 1 was, thus, deduced as 2-decyl-5-(2-hydroxyethyl)-2-methylfuran-3(2H)-one, and named monascuskaoliaone. The free radical scavenging effect of the isolated compounds (1-10) was determined using the 1,1-diphenyl-2-picrylhydrazyl free radical scavenging system. By using DPPH as a TLC spray reagent [14] [15] , compounds 4, 5, and 10 (5, 10 μg) appeared as strong yellow spots against a purple background, while compound 6 displayed moderate yellow spots, and other compounds did not react with the radical. The free radical scavenging effects of the isolates, compounds 4, 5, and 10, corresponding to the intensity of quenching of the DPPH radical, were further evaluated by spectroscopic assay. At a concentration of 50 μM, the test compounds, N-trans-feruloyltyramine (4), vanillic acid (5), and (-)-matairesinol (10) showed moderate to strong DPPH radical scavenging activity, with 58, 70, and 75 % inhibition. (-)-Matairesinol (10) exhibited the most active metabolite in this study.
Several biological activities of Monascus extracts and the isolated compounds, such as antioxidant, and cytotoxic, have been reported previously 27 . On the basis of this information, free radical scavenging activities of compounds 1-10 were determined using the 1,1-diphenyl-2-picryl-hydrazyl (DPPH) free radical scavenging system, by comparing α-tocopherol, which was commonly used in the food industry as antioxidant (85 % inhibition, at 50 μM). The radical scavenging effects of antioxidants on the DPPH radical are considered to be due to their H donating character. A phenolic hydroxyl (PhOH) or carboxylic acid (COOH) moieties have been recognized to function as proton donors.
Reviewing the past literature regarding Monascus species 1-13 reveals that azaphilone, furanoisophthalides, amino acid, and polyketides are the major metabolites. In our previous studies, we have reported over fifteen metabolites, together with their DPPH free radical scavenging activity from M. pilosus 5 . In the course of our search for potential antioxidant metabolites from natural sources, and M. kaoliang BCRC 31506 has been found to be one of the active species. In this successive study, we focused on the minor secondary metabolites appearing in the EtOAc-soluble fraction of a 70% EtOH extract of the red mold rice produced by M. kaoliang BCRC 31506. The new metabolite 1, found in this study is novel, naturally occurring compounds. It is worthy to mention that this is the first report of a furan-3-one derivative isolated from this Monascus spp. Compound 1 did not show any scavenging activity against the DPPH radical because of its non-phenolic structure. Further study to realize the different biological activities of Monascus spp and related secondary metabolites are under in progress.
